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(57) ABSTRACT 
A laser optical system for a head lamp may include a laser 
diode emitting light, a PCB substrate to which the laser 
diode is attached, the PCB substrate controlling supply of 
current to the laser diode, a fluorescent body located in front 
of the laser diode, reacting with the light emitted from the 
laser diode and thereby outputting white light, a guide path 
located in front of the laser diode and guiding light, which 
is outputted from the laser diode, to the fluorescent body, and 
an internal reflecting surface located between the fluorescent 
body and the guide path and connected to the guide path, the 
internal reflecting Surface reflecting light, which has been 
incident on the fluorescent body and scattered backwards, to 
the fluorescent body. 
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LASER OPTICAL SYSTEM FOR HEAD 
LAMP 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority of Korean Patent 
Application Number 10-2013-0162224 filed on Dec. 24, 
2013, the entire contents of which application are incorpo 
rated herein for all purposes by this reference. 

BACKGROUND OF INVENTION 

Field of Invention 
The present invention relates to laser optical systems for 

headlamps, and, more particularly, to a laser optical system 
for a head lamp, in which, among light outputted from a 
laser diode, light incident on a fluorescent body and then 
scattered backwards is incident on the fluorescent body 
again to obtain an additional quantity of light and thereby 
increase light efficiency. 

Description of Related Art 
A head lamp (headlight) of a vehicle is a lamp that lights 

the front area of a vehicle so as to secure a driver's clear 
view. The headlamp generally uses halogen, High Intensity 
Discharge (HID), and a LED diode as a light source. 

However, halogen, HID, and LED diode technologies are 
problematic in that they are high in power consumption, so 
that they are low in light efficiency. Further, halogen, HID, 
and LED diode technologies are problematic in that an entire 
size of an optical system including a light source and a lens 
is large, so that the degree of freedom in design is low and 
weight is heavy. 

Recently, there is being developed a head lamp using a 
laser diode as a light source that is environment-friendly and 
has a long life and high light efficiency. 
As shown in FIG. 1, the conventional laser optical system 

for the head lamp includes a laser diode 1 which generates 
laser beams of a blue wavelength range, a PCB substrate 2 
to which the laser diode 1 is attached and which controls the 
supply of current to the laser diode 1, a fluorescent body 3 
which reacts with light outputted from the laser diode 1 to 
output white light, a housing 4 which has a guide path 4a 
guiding light, outputted from the laser diode 1, to the 
fluorescent body 3, and a cover 5 which is coupled to the 
housing 4 to fix the fluorescent body 3. 
Among light that is outputted from the laser diode 1 and 

then is incident on the fluorescent body 3, some light may be 
scattered backwards as shown by the arrows indicated by 
dashed lines. However, the conventional laser optical system 
of FIG. 1 is problematic in that it is impossible for the 
backwardly scattered light to be incident on the fluorescent 
body 3 again, so that an optical loss is caused and light 
efficiency is deteriorated. 
The information disclosed in this Background section is 

only for enhancement of understanding of the general back 
ground of the invention and should not be taken as an 
acknowledgement or any form of Suggestion that this infor 
mation forms the prior art already known to a person skilled 
in the art. 

SUMMARY OF INVENTION 

Accordingly, the present invention has been made keep 
ing in mind the above problems occurring in the related art 
and/or other problems, and the present invention is directed 
to a laser optical system for a head lamp, in which, among 
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2 
light outputted from a laser diode, light incident on a 
fluorescent body and then scattered backwards is incident on 
the fluorescent body again to obtain an additional quantity of 
light and thereby increase light efficiency. 

In addition, the present invention is directed to a laser 
optical system for a head lamp, in which an internal reflect 
ing Surface making backwardly scattered light be incident on 
a fluorescent body again is integrated with a heat sink, thus 
prolonging the useful life of the laser optical system and 
improving durability. 

According to various aspects of the present invention, 
there is provided a laser optical system for a head lamp, 
including a laser diode emitting light, a PCB substrate to 
which the laser diode is attached, the PCB substrate con 
trolling Supply of current to the laser diode, a fluorescent 
body located in front of the laser diode, reacting with the 
light emitted from the laser diode and thereby outputting 
white light, a guide path located in front of the laser diode 
and guiding light, which is outputted from the laser diode, to 
the fluorescent body, and an internal reflecting Surface 
located between the fluorescent body and the guide path and 
connected to the guide path, the internal reflecting Surface 
reflecting light, which has been incident on the fluorescent 
body and scattered or reflected backwards, to the fluorescent 
body. 
The laser optical system may further include a front heat 

sink Surrounding and protecting the laser diode, the front 
heat sink transmitting heat from the laser diode to an outside 
to dissipate the heat. The laser optical system may further 
include a rear heat sink which is connected to a rear of the 
PCB substrate and transmits heat from the laser diode to an 
outside to dissipate the heat. 
The internal reflecting surface may include a reflective 

coating comprising aluminum or silver deposited to enhance 
reflecting efficiency. The laser optical system may further 
include a cover coupled to the front heat sink to fix the 
fluorescent body. The laser optical system may further 
include an external reflector coupled to the front heat sink 
and reflecting the white light outputted from the fluorescent 
body in a front direction. 
The guide path and the internal reflecting Surface may be 

integrally or monolithically formed on the front heat sink. 
The internal reflecting surface may be closed by the cover. 
The guide path may be formed in a shape of a cylinder, a 

diameter of which is gradually increased in a direction from 
a first end thereof communicating with the laser diode to a 
second end thereof communicating with the internal reflect 
ing Surface, wherein left and right sides on a cross-section of 
the guide path may be substantially parallel to and posi 
tioned outside left and right lines that are defined by con 
necting a center of the laser diode to left and right ends of 
a corresponding cross-section of a base of the fluorescent 
body, respectively, to allow the light emitted from the laser 
diode to be incident on the fluorescent body, and the left and 
right sides on the cross-section of the guide path may be 
Substantially symmetric to each other with respect to a 
vertical line that passes through the center of the laser diode. 
The internal reflecting Surface may include an elliptical 

curved surface, and a length of a horizontal section of the 
internal reflecting Surface may be larger than a length of a 
corresponding horizontal section of the fluorescent body 
such that the fluorescent body is located in the elliptical 
curved surface of the internal reflecting surface. 
A lower vertex of the internal reflecting surface formed in 

the elliptical curved surface may be located on the vertical 
line passing through the center of the laser diode, and a 
distance from the lower vertex to the center of the laser 
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diode may be equal to or less than /4 of a distance from the 
center of the laser diode to the fluorescent body along the 
vertical line. Left and right vertices in the cross-section of 
the internal reflecting surface formed in the elliptical curved 
surface may be located on a horizontal line obtained by 
extending the base of the fluorescent body in a horizontal 
direction. 
As is apparent from the above description, the laser 

optical system is advantageous in that the quantity of laser 
beams incident on the fluorescent body via the internal 
reflecting surface provided between the laser diode and the 
fluorescent body can be significantly increased, thus result 
ing in considerable improvement in light efficiency, and in 
that the number of laser diodes serving as the light Source 
can be reduced owing to the improvement in light efficiency, 
thus achieving reduction in cost and weight and consider 
ably decreasing the entire size of the optical system. 
The methods and apparatuses of the present invention 

have other features and advantages which will be apparent 
from or are set forth in more detail in the accompanying 
drawings, which are incorporated herein, and the following 
Detailed Description, which together serve to explain certain 
principles of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will be more clearly understood from 
the following detailed description taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a view showing a conventional laser optical 
system for a head lamp: 

FIG. 2 is a perspective view showing an exemplary laser 
optical system for a head lamp according to the present 
invention; 

FIG. 3 is a sectional view of FIG. 2; 
FIG. 4 is a view illustrating an exemplary internal reflec 

tor according to the present invention; and 
FIG. 5 is a sectional view showing an exemplary laser 

optical system for a head lamp including an exemplary 
external reflector according to the present invention. 

DETAILED DESCRIPTION 

Reference will now be made in detail to various embodi 
ments of the present invention(s), examples of which are 
illustrated in the accompanying drawings and described 
below. While the invention(s) will be described in conjunc 
tion with exemplary embodiments, it will be understood that 
present description is not intended to limit the invention(s) 
to those exemplary embodiments. On the contrary, the 
invention(s) is/are intended to cover not only the exemplary 
embodiments, but also various alternatives, modifications, 
equivalents and other embodiments, which may be included 
within the spirit and scope of the invention as defined by the 
appended claims. 
As shown in FIGS. 2 to 5, the laser optical system for the 

headlamp according to the present invention includes a laser 
diode 10 generating a laser beam of a blue wavelength (e.g., 
generally a short wavelength of about 450 nm) range, a PCB 
substrate 20 to which the laser diode 10 is attached and 
which controls supply of current to the laser diode 10, a 
fluorescent body 30 which is located in front of the laser 
diode 10, reacts with light emitted from the laser diode 10 
and thereby outputs white light, a guide path 40 which is 
located in front of the laser diode 10 and guiding light, 
outputted from the laser diode 10, to the fluorescent body 30, 
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4 
and an internal reflecting surface 50 which is located 
between the fluorescent body 30 and the guide path 40, is 
connected to the guide path 40, and reflects light, incident on 
the fluorescent body 30 and scattered backwards, to the 
fluorescent body 30 back. 
The laser optical system further includes a front heat sink 

60 which surrounds and protects the laser diode 10 and 
transmits heat from the laser diode 10 to the outside to 
dissipate heat, a rear heat sink 70 which is connected to a 
rear of the PCB substrate 20 and transmits heat from the 
laser diode 10 to the outside to dissipate the heat, and a cover 
80 which is coupled to the front heat sink 60 to fix the 
fluorescent body 30. 

In other words, the laser optical system according to the 
present invention is configured to have the internal reflecting 
surface 50 between the laser diode 10 and the fluorescent 
body 30. All of the light outputted from the laser diode 10 
is incident on the fluorescent body 30, and most of the light 
incident on the fluorescent body 30 reacts with the fluores 
cent body 30 to output the white light forwards. 

Further, some light (shown by the arrows indicated by 
FIG. 3) which is incident on the fluorescent body 30 and then 
is not excited in the fluorescent body 30 but is scattered 
backwards is reflected by the internal reflecting surface 50 
and then is incident on the fluorescent body 30 again. 
Thereby, all the light outputted from the laser diode 10 reacts 
with the fluorescent body 30 and thereby is outputted in the 
white light. 
The above-mentioned configuration of the internal 

reflecting surface 50 can eliminate the optical loss caused by 
the light scattered rearwards, thus obtaining the additional 
quantity of light and thereby significantly improving light 
efficiency. 
A double heat dissipating function by the front heat sink 

60 and the rear heat sink 70 can prolong the useful life of the 
laser diode 10 and the PCB substrate 20 and considerably 
improve the durability thereof. The internal reflecting sur 
face 50 undergoes deposition using aluminum with good 
reflecting performance or silver reflecting coating so as to 
maximize reflecting efficiency. 

According to the present invention, the guide path 40 and 
the internal reflecting surface 50 are integrally or monolithi 
cally formed on the front heat sink 60. Thus, a separate 
structure corresponding to the guide path 40 and the internal 
reflecting Surface 50 is not required, thus achieving reduc 
tion in weight and cost. Further, the internal reflecting 
surface 50 is closed by the cover 80, thus preventing the 
leakage of light and maximizing light efficiency. 

According to the present invention, the guide path 40 is 
formed in or Substantially in a shape of a cylinder, a diameter 
of which is gradually increased in a direction from a first end 
thereof communicating with the laser diode 10 to a second 
end thereof communicating with the internal reflecting Sur 
face 50. 

Further, left and right sides 41 and 42 on a section of the 
guide path 40 are parallel or substantially parallel to and are 
positioned outside left and right lines M1 and M2 which are 
defined by connecting a center C1 of the laser diode 10 to 
left and right ends of a base of the fluorescent body 30, 
respectively, to allow all light outputted from the laser diode 
10 to be incident on the fluorescent body 30. The left and 
right sides 41 and 42 on the section of the guide path 40 are 
symmetric or Substantially symmetric to each other with 
respect to a vertical line T1 that passes through the center C1 
of the laser diode 10. Such a shape of the guide path 40 
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provides a path to allow all the light outputted from the laser 
diode 10 to be stably incident on the fluorescent body 30 
without optical loss. 

Further, according to the present invention, the internal 
reflecting surface 50 is formed in an elliptical curved sur 
face. A length L1 of a horizontal section of the internal 
reflecting surface 50 is formed to be larger than a length L2 
of a horizontal section of the fluorescent body 30 in such a 
way that the fluorescent body 30 is located in the elliptical 
curved surface of the internal reflecting surface 50. Such a 
configuration allows all the light, which is incident on the 
fluorescent body 30 and then does not react with the fluo 
rescent body 30 and is scattered rearwards, to be reflected 
again and be incident on the fluorescent body 30 again. 
A lower vertex P1 of the internal reflecting surface 50 

formed in the elliptical curved surface is located on the 
vertical line T1 passing through the center C1 of the laser 
diode 10 in such a way as to be within a range from the 
center of the laser diode to 4 of a length or distance L3 from 
the center C1 of the laser diode 10 to the fluorescent body 
30 along the vertical line T1. 

In other words, the lower vertex P1 of the internal 
reflecting surface 50 is as near as possible to the center C1 
of the laser diode 10, thus reducing the length of the guide 
path 40 to the maximum, and reducing the optical loss in the 
guide path 40, therefore contributing to improve light effi 
ciency. 

Further, left and right vertices P2 and P3 of the internal 
reflecting surface 50 formed in the elliptical curved surface 
are formed to be located on a horizontal line T2 obtained by 
extending a base of the fluorescent body in a horizontal 
direction. That is, the left and right vertices P2 and P3 of the 
internal reflecting surface 50 are aligned with surfaces at 
which the front surface of the front heat sink 60 meets the 
cover 80, so that it is possible to maximize the area of the 
internal reflecting surface 50 and thereby ensure a reflecting 
Surface having a maximum area. 
As shown in FIG. 5, in some embodiments, the laser 

optical system according to the present invention further 
includes an external reflector 90 which is coupled to the 
front heat sink 60. The external reflector 90 is installed to 
have the fluorescent body 30, thus serving to reflect, white 
light outputted through the fluorescent body 30, in a front 
direction. 
As described above, the present invention provides a laser 

optical system for a headlamp, in which an internal reflect 
ing Surface provided between a laser diode and a fluorescent 
body again reflects light, which is incident on the fluorescent 
body and then is not excited in the fluorescent body but is 
scattered backwards, to allow the light to be incident on the 
fluorescent body again, thus obtaining the additional quan 
tity of light incident on the fluorescent body without an 
optical loss caused by the backwardly scattered light, and 
resulting in significant improvement in light efficiency of the 
head lamp. 

Further, the present invention provides a laser optical 
system for a head lamp, in which, if the light efficiency of 
the laser optical system can be improved via an internal 
reflecting Surface, the number of laser diodes serving as a 
light source can be reduced, thus achieving reduction in cost 
and weight and enabling the entire size of the optical system 
to be remarkably reduced. 

Furthermore, the present invention provides a laser opti 
cal system for a head lamp, in which a double heat dissi 
pating function by front and rear heat sinks can prolong the 
useful life of a laser diode and a PCB substrate and consid 
erably improve durability thereof. 
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6 
For convenience in explanation and accurate definition in 

the appended claims, the terms “left” or “right”, “front” or 
“rear”, “inside' or “outside', and etc. are used to describe 
features of the exemplary embodiments with reference to the 
positions of Such features as displayed in the figures. 
The foregoing descriptions of specific exemplary embodi 

ments of the present invention have been presented for 
purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed, and obviously many modifications 
and variations are possible in light of the above teachings. 
The exemplary embodiments were chosen and described in 
order to explain certain principles of the invention and their 
practical application, to thereby enable others skilled in the 
art to make and utilize various exemplary embodiments of 
the present invention, as well as various alternatives and 
modifications thereof. It is intended that the scope of the 
invention be defined by the Claims appended hereto and 
their equivalents. 

What is claimed is: 
1. A laser optical system for a head lamp, comprising: 
a laser diode emitting light; 
a PCB substrate to which the laser diode is attached, the 
PCB substrate controlling supply of current to the laser 
diode; 

a fluorescent body located in front of the laser diode, 
reacting with the light emitted from the laser diode and 
thereby outputting white light; 

a guide path located in front of the laser diode and guiding 
light, which is outputted from the laser diode, to the 
fluorescent body; 

an internal reflecting surface located between the fluores 
cent body and the guide path and connected to the guide 
path, the internal reflecting Surface reflecting light, 
which has been incident on the fluorescent body and 
scattered or reflected backwards, to the fluorescent 
body; and 

a front heat sink Surrounding and protecting the laser 
diode, the front heat sink transmitting heat from the 
laser diode to an outside to dissipate the heat, 

wherein the guide path and the internal reflecting Surface 
are integrally or monolithically formed on the front 
heat sink. 

2. The laser optical system as set forth in claim 1, further 
comprising: 

a rear heat sink connected to a rear of the PCB substrate, 
and transmitting heat from the laser diode to an outside 
to dissipate the heat. 

3. The laser optical system as set forth in claim 1, wherein 
the internal reflecting Surface includes a reflective coating 
comprising aluminum or silver deposited to enhance reflect 
ing efficiency. 

4. The laser optical system as set forth in claim 1, further 
comprising: 

a cover coupled to the front heat sink to fix the fluorescent 
body. 

5. The laser optical system as set forth in claim 1, further 
comprising: 

an external reflector coupled to the front heat sink and 
reflecting the white light outputted from the fluorescent 
body in a front direction. 

6. The laser optical system as set forth in claim 1, wherein 
the internal reflecting surface is closed by the cover. 

7. The laser optical system as set forth in claim 1, wherein 
the guide path is formed in a shape of a cylinder, a diameter 
of which is gradually increased in a direction from a first end 
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thereof communicating with the laser diode to a second end 
thereof communicating with the internal reflecting Surface, 
wherein: 

left and right sides on a cross-section of the guide path are 
substantially parallel to and positioned outside left and 
right lines that are defined by connecting a center of the 
laser diode to left and right ends of a corresponding 
cross-section of a base of the fluorescent body, respec 
tively, to allow the light emitted from the laser diode to 
be incident on the fluorescent body; and 

the left and right sides on the cross-section of the guide 
path are substantially symmetric to each other with 
respect to a vertical line that passes through the center 
of the laser diode. 

8. The laser optical system as set forth in claim 7, wherein 
the internal reflecting surface includes an elliptical curved 
Surface, and 
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8 
a length of a horizontal section of the internal reflecting 

Surface is larger than a length of a corresponding 
horizontal section of the fluorescent body such that the 
fluorescent body is located in the elliptical curved 
surface of the internal reflecting surface. 

9. The laser optical system as set forth in claim 8, wherein 
a lower vertex of the internal reflecting surface formed in the 
elliptical curved surface is located on the vertical line 
passing through the center of the laser diode, and a distance 
from the lower vertex to the center of the laser diode is equal 
to or less than /4 of a distance from the center of the laser 
diode to the fluorescent body along the vertical line. 

10. The laser optical system as set forth in claim 8. 
wherein left and right vertices in the cross-section of the 
internal reflecting surface formed in the elliptical curved 
surface are located on a horizontal line obtained by extend 
ing the base of the fluorescent body in a horizontal direction. 

k k k k k 


